Food processing is costly, potentially limiting the energy and time devoted to other essential functions such as locomotion or reproduction. In ectotherms, post-prandial thermophily, the selection of a warm environmental temperature after feeding, may be advantageous in minimizing the duration of this elevated cost. Although present in many vertebrate taxa, this behaviour had not previously been observed in invertebrates. Sanguivorous leeches ingest large blood meals that are costly to process and limit mobility until excess fluid can actively be expelled to reduce body volume. When presented with a temperature gradient from 108 8 8 8 8C to 308 8 8 8 8C, leeches select a temperature that is significantly warmer (24.3 + + + + + 0.98 8 8 8 8C, n 5 6) than their acclimation temperature (T a , 218 8 8 8 8C). Unfed leeches preferred temperatures that were significantly cooler than ambient (12.8 + + + + + 0.98 8 8 8 8C, n 5 6). This behavioural strategy is consistent with minimizing the time course of elevated post-feeding energy costs and reducing energy expenditure during fasting. Our observations raise the possibility that thermoregulatory behaviour of this type is an unrecognized feature of other invertebrate taxa.
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INTRODUCTION
For most animals, feeding comes at a cost. Food processing increases energy expenditure, an effect termed specific dynamic action (SDA) [1] . The costs can be substantial [2] , potentially diverting energy from other processes such as growth, reproduction or locomotion [3] . Shortening the time course of SDA may therefore be selectively advantageous. Many ectothermic vertebrates achieve this through behavioural thermoregulation, selecting warmer environmental and, consequently, body temperatures after feeding to increase the rate of processing, a strategy termed post-prandial thermophily [4] [5] [6] [7] [8] . Although investigations of invertebrate temperature preference have a long history [9 -12] , adjustment of temperature preference in relation to feeding behaviour has not been clearly demonstrated in invertebrates. This is surprising, as invertebrate SDAs can be substantial, particularly where there is a large relative meal size. Invertebrate sanguivores, for example, ingest some of the largest recorded meals relative to body mass [13, 14] . Medicinal leeches can increase their body mass 1000 per cent during feeding [15] , and the resulting SDA involves a 600 per cent increase in aerobic metabolism that can persist for several days [16] . The selection pressures for rapid meal processing should be particularly strong in this group, as in addition to the energy allocation problems posed by SDA, distension of the body reduces flexibility and limits the ability of the body wall musculature to power swimming or crawling [17] . This increases vulnerability to predation [18] , and much of the increased energy expenditure is probably associated with increased urine production to expel excess fluid to reduce body volume and restore mobility [19] .
We hypothesized that medicinal leeches would exhibit a post-prandial thermophilic response in order to minimize the time course of the SDA. In order to investigate their thermoregulatory behaviour, we exposed Hirudo verbana acclimated to 218C (T a ) to an environmental temperature gradient (10-308C) before and at five time points after feeding.
MATERIAL AND METHODS
Medicinal leeches, H. verbana [20] (1.8 + 0.52 g body mass, mean + s.e.m., n ¼ 7), were purchased from a commercial supplier (Leeches USA Ltd, New York, USA) and held in aquaria containing aquarium salt solution (0.75 g l 21 aquarium salt, Doc Wellfish, Chalfont, PA, USA) at 218C. Leeches were acclimated to this temperature for a minimum of two weeks before data collection.
The design of the temperature gradient chamber is shown in figure 1 . To avoid bias from starting location, leeches were introduced into the gradient chamber at a randomly selected shelter tube. Leech position was monitored by a camera (Canon Powershot S5IS, Canon Inc., Lake Success, NY, USA) above the tank that recorded an image every 5 min for 6 h (72 frames). All observations were made with a single leech in the gradient chamber at any one time.
An initial control was performed to test for any leech location preference within the gradient chamber in the absence of a temperature gradient, but with water circulation maintained by the peristaltic pump. Control leeches (n ¼ 7) initially explored the tank before settling close to one end, i.e. showing an 'edge effect'. There was no preference for the inlet versus outlet ends of the tank, with three leeches finally settling at each end.
This protocol was repeated in unfed leeches with the temperature gradient in place (n ¼ 7). Leeches were then fed to satiation on a container of warmed, defibrinated sheep blood (Hemostat Laboratories, Dixon, CA, USA), obtained by biting through a Parafilmcovered aperture [17] . Position monitoring was repeated placing leeches in the gradient at 0, 24, 48, 120 and 240 h after feeding (n ¼ 6-7). Leeches were maintained at 218C between temperature preference measurements. Temperature preferences were based on the final 3 h of position data in order to exclude initial exploratory behaviour.
Analysis of covariance was conducted with the general linear model in the application PASW Statistics (v. 18, IBM, Somera, NY, USA), to determine the preferred temperature in relation to feeding. Time interval (pre-feeding and 3, 27, 51, 123 and 143 h post-feeding) was included as a fixed factor in the model and the relative body mass (ratio of current body mass to pre-feeding body mass) as a covariate. Dunnett's procedure was used to make planned contrasts between the preferred temperature at each post-feeding interval and the pre-feeding preference. A one-sample t-test was used to test for significant differences between the preferred temperature at each time interval and the acclimation temperature (218C). Dunnett's correction was applied to account for the use of multiple comparisons to a control value [21] .
RESULTS
Temperature preference changed significantly with respect to time interval (figure 2, GLM, F 5,33 ¼ 3.7, p , 0.05). Before feeding, the preferred temperature was significantly lower than T a (one-sample, twotailed, t-test, t ¼ 29.59, d.f. ¼ 6, Dunnett's critical t-value ¼ 23.49, p , 0.05). The preferred temperature remained significantly higher than the pre-feed preference for the first 5 days after feeding (planned contrasts, Dunnett's procedure, p , 0.05). Twentyseven hours after feeding, the preferred temperature was also significantly higher than T a (one-sample, two-tailed, t-test, t ¼ 3.85, d.f. ¼ 6, Dunnett's critical t-value ¼ 3.49, p , 0.05). The preferred temperature after 10 days was statistically indistinguishable from the pre-feed preference (planned contrasts, Dunnett's procedure, p , 0.05), and significantly lower than T a (one-sample, two-tailed, t-test, t ¼ 3.83, d.f. ¼ 5, Dunnett's critical t-value ¼ 23.62, p , 0.05).
DISCUSSION
We show for the first time that an invertebrate, the medicinal leech (H. verbana), exhibits feeding-related behavioural thermoregulation similar to that seen in ectothermic vertebrates. The preference for cooler temperatures while unfed (figure 1) is similar to that observed in some ectothermic vertebrates [22] [23] [24] . Leeches may wait many months between meals [15] , and a cooler temperature preferendum would minimize energy expenditure during the interim [25] . The increase in metabolism immediately after feeding is probably associated with increased urine production to expel plasma from the ingested blood, a process reliant on the active transport of ions [19] . This rapidly reduces body volume and restores mobility [17] . Increased body temperature during this period would accelerate this process and ensure earlier cessation of the associated SDA.
Although concerns have been raised about the interpretation of thermal gradient data [26] , the thermoregulatory response is likely to be functionally and ecologically relevant in this species. Medicinal leeches are typically found in small bodies of fresh water [27, 28] . These can provide a variety of thermal niches, as temperature can vary with depth, degree of sun exposure and amount of vegetation, allowing for temperature selection in the field [28, 29] .
Our observations raise the possibility that the thermoregulatory behaviour of this type is an unrecognized feature of other invertebrate taxa, with broad implications concerning their behavioural and physiological ecology. Furthermore, the neural architecture of the medicinal leech is uniquely well mapped [30] , making this species a valuable new , 218C) . A, significantly different from the pre-feeding preferred temperature (ANCOVA, planned contrasts, Dunnett's procedure, p , 0.05) (n ¼ 7 for PF, 3, 27 and 51 h, n ¼ 6 for 123 and 243 h). B, significantly different from T a (onesample, two-tailed, t-test, p , 0.05 after applying Dunnett's correction). Error bars indicate 1 s.e.m. model for investigating the neural control of behavioural thermoregulation.
